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(57) ABSTRACT 
A semiconductor structure is provided, which includes a first 
high-voltage MOS device region having a first well and a 
first light-doping region in a part of the first well, wherein 
the conductive type of the first well and the conductive type 
of the first light-doping region are opposite. The first high 
Voltage MOS device region also includes a first gate Stack on 
a part of the first well and a part of the first light-doping 
region, and first heavy-doping regions in the first well and 
the first light-doping region at two sides of the gate stack, 
wherein the conductive type of the first heavy-doping region 
and the conductive type of the first well are the same. The 
first light-doping region between the first well and the first 
heavy-doping regions is a channel region of the first high 
voltage MOS device region. 

8 Claims, 5 Drawing Sheets 
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1. 

SEMCONDUCTOR STRUCTURE AND 
METHOD FOR MANUFACTURING THE 

SAME 

BACKGROUND 

Technical Field 
The disclosure relates to a semiconductor structure, and in 

particular it relates to a semiconductor structure simultane 
ously including a low-voltage MOS device and a high 
voltage MOS device and method for manufacturing the 
SaC. 

Description of the Related Art 
Manufacturers of electronic goods are under constant 

pressure to Supply devices having expanded functionality 
and lower prices. One example is the cell phone, where 
Staunch competition between manufacturers and re-sellers 
has kept cell phone prices down even as the cell phone 
functions have expanded dramatically. Indeed, a cell phone 
now includes such capabilities as e-mail, web-browsing, 
text-messaging, music storage, photography, and video play 
back. 

In order to facilitate the trend towards expanded device 
functionality at lower prices, manufacturers must develop 
not only new processing architectures and algorithms, but 
also new semiconductor technologies allowing denser 
device integration at lower fabrication costs. However, 
increased device integration often requires a blending of 
heretofore incompatible technologies into a common device 
substrate. 
Many electronic devices such as cell phones include 

low-voltage CMOS devices in various circuitry (e.g., data 
encryption and decryption). However, the same electronic 
devices also include relatively high-voltage devices in 
another circuitry (e.g., modulators/demodulators and power 
amplifiers). Unfortunately, high-voltage devices do not gen 
erally function effectively at low-voltages, and the low 
Voltage devices can be damaged by high Voltages. These 
facts often result in the conventional provision of separate 
integrated circuits, one implemented in low-voltage devices 
and another implemented in high-voltage devices. However, 
Such an approach to dealing with the common provision of 
different types of devices are simply not possible under 
emerging pressures related to integration densities and fab 
rication costs. 
Many skills have been developed to overcome the prob 

lems described above. However, conventional skills have to 
change the doping concentrations of different doping regions 
while the driving Voltage of the high-voltage device is 
changed. The difficulty and cost of changing the doping 
concentration is higher than designing new photo masks and 
corresponding doping region profiles. In other words, a 
structure including a high-voltage device and low-voltage 
device is usually suitable for specific high Voltage and low 
Voltage, which cannot be easily modified while changing the 
driving Voltage of the product. 

Accordingly, a novel process and a corresponding struc 
ture for fine-tuning the structure corresponding to different 
driving Voltages (without increasing the number of photo 
masks or changing the doping concentration of the doping 
regions) are called for. 

BRIEF SUMMARY 

One embodiment of the disclosure provides a semicon 
ductor structure, comprising: a first high-voltage MOS 
device region, including: a first well; a first light-doping 
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2 
region disposed in a part of the first well, wherein the 
conductive type of the first well and the conductive type of 
the first light-doping region are opposite; a first gate Stack on 
a part of the first region and a part of the first light-doping 
region; and a plurality of first heavy-doping regions in the 
first well and the first light-doping region at two sides of the 
first gate stack, wherein the conductive type of the first 
heavy-doping regions and the conductive type of the first 
well are the same. The first light-doping region between the 
first well and the first heavy-doping region is a channel 
region of the first high-voltage MOS device region. 
One embodiment of the disclosure provides a method of 

forming a semiconductor structure, comprising: forming a 
first well in a Substrate; forming a first light-doping region 
in a part of the first well, wherein the conductive type of the 
first light-doping region and the conductive type of the first 
well are opposite; forming a first gate stack on a part of the 
first light-doping region and a part of the first well; implant 
ing dopants to the first well and the first light-doping region 
that are not covered by the first gate stack to form a plurality 
of first heavy-doping regions at two sides of the first gate 
stack, wherein the conductive type of the first heavy-doping 
regions and the conductive type of the first well are the 
same; wherein the first light-doping region between the first 
well and the first heavy-doping region is a channel region of 
a high-voltage MOS device region. 
A detailed description is given in the following embodi 

ments with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The disclosure can be more fully understood by reading 
the Subsequent detailed description and examples with ref 
erences made to the accompanying drawings, wherein: 

FIGS. 1, 2, 3, 4, and 5 are cross sections of a semicon 
ductor structure during manufacture in one embodiment. 

DETAILED DESCRIPTION 

The following description is of the best-contemplated 
mode of carrying out the disclosure. This description is 
made for the purpose of illustrating the general principles of 
the disclosure and should not be taken in a limiting sense. 
The scope of the disclosure is best determined by reference 
to the appended claims. 

FIGS. 1 to 5 are cross sections of a semiconductor 
structure during manufacture in one embodiment. As shown 
in FIG. 1, a p-type substrate 100 is provided. The substrate 
100 can be silicon substrate, a silicon-on-insulator (SOI) 
substrate, or the like. In one embodiment, a substrate 100 is 
provided, and then implanted by p-type dopants. Alterna 
tively, the substrate 100 is formed by epitaxy growth and 
in-situ doped by the p-type dopants. In one embodiment, the 
substrate 100 has a doping concentration of 7e13 atoms/cm 
to 7e15 atoms/cm. 

Isolation structures 101 are then formed on the substrate 
100 to separate and define a plurality of device regions, e.g. 
a p-type high-voltage MOS device region 103, a n-type 
high-voltage MOS device region 105, a p-type low-voltage 
MOS device region 107, and a n-type low-voltage MOS 
device region 109. A n-type deep well 111 is then formed in 
the high-voltage MOS device region 103. In one embodi 
ment, the deep well 111 can be formed by but not be limited 
to following steps: forming a mask patter to cover the 
high-voltage MOS device region 105, the low-voltage MOS 
device region 107, and the low-voltage MOS device region 
109 by lithography and etching processes; implanting n-type 
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dopants to the high-voltage MOS device region 103 to 
define the deep well 111; and then removing the mask 
pattern. In one embodiment, the deep well 111 has a doping 
concentration of 5e14 atoms/cm to le17 atoms/cm. 
The isolation structures 101 in FIG. 1 are shallow trench 

isolation (STI), which can be formed by, (but is not limited 
to) the following steps: forming a mask layer on the Sub 
strate 100; patterning the mask layer to expose a part of the 
Substrate 100 by lithography and etching processes; etching 
the exposed part of the substrate 100 to form trenches; filling 
the trenches with isolation material Such as silica; and 
removing the patterned mask layer. Alternatively, the isola 
tion structures 101 can be local oxidation of silicon (LO 
COS), which can be formed by (but is not limited to) the 
following steps: depositing a mask layer Such as silicon 
nitride layer on the substrate 100; patterning the mask layer 
to expose a part of the substrate 100 by lithography and 
etching processes; thermally oxidizing the exposed part of 
the substrate 100 to form a silica layer; and removing the 
patterned mask layer. The above silica layer is the LOCOS. 
As shown in FIG. 2, p-type wells 113A and 113B are 

formed in the high-voltage MOS device region 103 and the 
low-voltage MOS device region 109, respectively. N-type 
wells 115A and 115B are formed in the high-voltage MOS 
device region 105 and the low-voltage MOS device region 
107, respectively. In one embodiment, the wells 113A and 
113B can be formed by (but is not limited to) the following 
steps: forming a mask pattern (not shown) to cover the 
high-voltage MOS device region 105 and the low-voltage 
MOS device region 107 by lithography and etching pro 
cesses; implanting p-type dopants to the high-voltage MOS 
device region 103 and the low-voltage MOS device region 
109 to define the wells 113A and 113B; and then removing 
the mask pattern. In one embodiment, the wells 113A and 
113B have the same doping concentration of le15 atoms/ 
cm to le17 atoms/cm. As shown in FIG. 2, the wells 113A 
and 113B have the same depth, and the well 113A has a 
shallower depth than that of the deep well 111, thereby 
avoiding a leakage current problem resulted from the same 
conductive type of the well 113A and the substrate 100. In 
one embodiment, the wells 115A and 115B can be formed by 
(but is not limited to) the following steps: forming a mask 
pattern (not shown) to cover the high-voltage MOS device 
region 103 and the low-voltage MOS device region 109 by 
lithography and etching processes; implanting n-type dop 
ants to the high-voltage MOS device region 105 and the 
low-voltage MOS device region 107 to define the wells 
115A and 115B; and then removing the mask pattern. In one 
embodiment, the wells 115A and 115B have the same doping 
concentration of le15 atoms/cm to le17 atoms/cm. As 
shown in FIG. 2, the wells 115A and 115B have the same 
depth. Although the wells 113A/113B and the wells 115A/ 
115B have the same depth in FIG. 2, but the wells 113A/ 
113B and the wells 115A/115B may have different depths if 
necessary. In one embodiment, the wells 113A and 113B can 
be formed before forming the wells 115A and 115B. Alter 
natively, the wells 115A and 115B are formed before form 
ing the wells 113A and 113B. 
As shown in FIG. 3., n-type light-doping region 117A is 

formed in a part of the well 113A, and a p-type light-doping 
region 117B is formed in a part of the well 113B. In one 
embodiment, the light-doping region 117A can be formed by 
(but is not limited to) the followings steps: forming a mask 
pattern (not shown) to cover a part of the high-voltage MOS 
device region 103, the high-voltage MOS device region 105, 
the low-voltage MOS device region 107, and the low 
voltage MOS device region 109; implanting n-type dopants 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
into a part of the well 113A to define the light-doping region 
117A; and removing the mask pattern. In one embodiment, 
the light-doping region 117A has a doping concentration of 
1e15 atoms/cm to 5e17 atoms/cm. As shown in FIG.3, the 
light-doping region 117A has a shallower depth than that of 
the well 113A. In one embodiment, the light-doping region 
117B can be formed by (but is not limited to) the followings 
steps: forming a mask pattern (not shown) to cover the 
high-voltage MOS device region 103, a part of the high 
voltage MOS device region 105, the low-voltage MOS 
device region 107, and the low-voltage MOS device region 
109; implanting p-type dopants into a part of the well 115A 
to define the light-doping region 117B; and removing the 
mask pattern. In one embodiment, the light-doping region 
117B has a doping concentration of le15 atoms/cm to 5e17 
atoms/cm. As shown in FIG. 3, the light-doping region 
117B has a shallower depth than that of the well 115A. 
Although the light-doping region 117A and the light-doping 
region 117B have the same depth in FIG. 3, the light-doping 
region 117A and the light-doping region 117B may have 
different depths if necessary. In one embodiment, the light 
doping region 117A is formed before forming the light 
doping region 117B. Alternatively, the light-doping region 
117B is formed before forming the light-doping region 
117A. 
As shown in FIG. 4, gate stacks 119A, 119B, 119C, and 

119D are then formed over the high-voltage MOS device 
region 103, the high-voltage MOS device region 105, the 
low-voltage MOS device region 107, and the low-voltage 
MOS device region 109, respectively. The gate stack 119A 
covers a part of the well 113A and a part of the light-doping 
region 117A, and the gate stack 119B covers a part of the 
well 115A and a part of the light-doping region 117B. In one 
embodiment, the gate stacks 119A, 119B. 119C, and 119D 
can be formed by (but is not limited to) the following steps: 
forming a gate dielectric layer on the structure in FIG. 3; 
forming a gate electrode layer on the gate dielectric layer; 
forming a mask pattern (not shown) to cover a part of the 
gate electrode layer by lithography and etching processes; 
and then removing the gate electrode layer (not covered by 
the mask pattern) and the underlying gate dielectric layer to 
define the gate stacks 119A, 119B. 119C, and 119D. In one 
embodiment, the gate dielectric layer can be composed of 
SiO2 silicon oxide, silicon nitride, silicon oxynitride, high-k 
material, any other Suitable dielectric material, or a combi 
nation thereof, and the gate electrode layer can be composed 
of amorphous silicon, poly-silicon, one or more metal, metal 
nitride, conductive metal oxide, or a combination thereof. 
Optionally, spacers 120 can be formed on sidewalls of the 
gate stacks 119A, 119B. 119C, and 119D. In one embodi 
ment, the spacers 120 can be formed by (but is not limited 
to) the following steps: forming a spacer layer on the gate 
stacks and the exposed doping regions; and then removing 
a part of the spacer layer by anisotropic etching to keep the 
spacers 120 on the sidewalls of the gate stacks. The spacer 
layer can be silica, silicon nitride, silicon oxynitride, or a 
multi-layered structure thereof. Alternatively, the spacers 
120 can be omitted. 
Note that the order of FIGS. 3 and 4 can be reversed, such 

that the gate stacks are formed before forming the light 
doping regions 117A and 117B. If the gate stacks are formed 
earlier, the spacers 120 must be formed after forming the 
light-doping regions 117A and the 117B, such that the 
Subsequently formed heavy-doping region 121A and the 
well 113A (or the heavy doping region 123A and the well 
115A) are separated by the light-doping region 117A (or 
117B). 
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As shown in FIG. 5, p-type heavy-doping regions 121A 
are formed in the well 113A and the light-doping region 
117A at two sides of the gate stack 119A, n-type heavy 
doping regions 123A are formed in the well 115A and the 
light-doping region 117B at two sides of the gate stack 119B. 
p-type heavy-doping regions 121B are formed in the well 
115B at two sides of the gate stack 119C, and n-type 
heavy-doping regions 123B are formed in the well 113B at 
two sides of the gate stack 119D. In one embodiment, the 
heavy doping regions 121A and 121B can be formed by (but 
is not limited to) the following steps: forming a mask pattern 
(not shown) to cover the high-voltage MOS device region 
105 and the low-voltage MOS device region 109 by lithog 
raphy and etching processes; and implanting p-dopants to 
the high-voltage MOS device region 103 and the low 
voltage MOS device region 107 not covered by the gate 
stacks 119A and 119C for defining heavy-doping regions 
121A and 121B, and removing the mask pattern. In one 
embodiment, the heavy doping regions 121A and 121B have 
the same doping concentration of 5e17 atoms/cm to 2e20 
atoms/cm. As shown in FIG. 5, the heavy doping regions 
121A and 121B have the same doping depths, and the 
heavy-doping region 121A has a shallower depth than that of 
the light-doping region 117A. The n-type light-doping 
region 117A disposed between the p-type well 113A and the 
right sided heavy-doping region 121A is a channel region of 
the high-voltage MOS device region 103. In the above 
structure, the thickness of the spacers 120 in FIG. 4 can be 
changed to adjust the width of the light-doping region 117A 
that is covered by the gate stack 119A and the spacer 120. 
As such, the structures in FIGS. 1 to 5 can be completed by 
same photo masks and same implanting processes, and the 
channel length of the high-voltage MOS device region 103 
and corresponding driving Voltage can be easily adjusted by 
changing the thickness of the spacers 120. 

In one embodiment, the heavy doping regions 123A and 
123B can be formed by (but is not limited to) the following 
steps: forming a mask pattern (not shown) to cover the 
high-voltage MOS device region 103 and the low-voltage 
MOS device region 107 by lithography and etching pro 
cesses; and implanting n-dopants to the high-voltage MOS 
device region 105 and the low-voltage MOS device region 
109 not covered by the gate stacks 119B and 119D for 
defining heavy-doping regions 123A and 123B, and remov 
ing the mask pattern. In one embodiment, the heavy doping 
regions 123A and 123B have the same doping concentration 
of le17 atoms/cm to 5e 19 atoms/cm. As shown in FIG. 5, 
the heavy doping regions 123A and 123B have the same 
doping depths, and the heavy-doping region 123A has a 
shallower depth than that of the light-doping region 117B. 
The p-type light-doping region 117B disposed between the 
n-type well 115A and the right sided heavy-doping region 
123A is a channel region of the high-voltage MOS device 
region 105. In the above structure, the thickness of the 
spacers 120 in FIG. 4 can be changed to adjust the width of 
the light-doping region 117B that is covered by the gate 
stack 119B and the spacer 120. As such, the structures in 
FIGS. 1 to 5 can be completed by same photo masks and 
same implanting processes, and the channel length of the 
high-voltage MOS device region 105 and corresponding 
driving Voltage can be easily adjusted by changing the 
thickness of the spacers 120. In other words, the driving 
voltage of the high-voltage MOS device region can be easily 
adjusted without changing the doping concentration of the 
doping region or changing the photo mask design. 
The n-type well 115B between the p-type heavy-doping 

regions 121B is a channel region of the low-voltage MOS 
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6 
device region 107. The p-type well 113B between the n-type 
heavy-doping regions 123B is a channel region of the 
low-voltage MOS device region 109. It should be under 
stood that the heavy-doping regions 121A at two sides of the 
gate stack 119A are source/drain regions of the high-voltage 
MOS device region 103, the heavy-doping regions 123A at 
two sides of the gate stack 119B are source/drain regions of 
the high-voltage MOS device region 105, the heavy-doping 
regions 121B at two sides of the gate stack 119C are 
source/drain regions of the low-voltage MOS device region 
107, and the heavy-doping regions 123B at two sides of the 
gate stack 119D are source/drain regions of the low-voltage 
MOS device region 109. An ILD (not shown) can then be 
formed on the above structure, and contacts 125 can then be 
formed to penetrate the ILD for contacting the heavy-doping 
regions 121A, 121B, 123A, and 123B. 

In the above embodiment, the substrate 100, the high 
voltage MOS device region 103, the low-voltage MOS 
device 107, the wells 113A and 113B, the light-doping 
region 117B, and the heavy-doping regions 121A and 121B 
are p-type; and the high-voltage MOS device region 105, the 
low-voltage MOS device region 109, the deep well 111, the 
wells 115A and 115B, the light-doping region 117A, and the 
heavy doping regions 123A and 123B are n-type. Alterna 
tively, the substrate 100, the high-voltage MOS device 
region 103, the low-voltage MOS device 107, the wells 
113A and 113B, the light-doping region 117B, and the 
heavy-doping regions 121A and 121B are n-type; and the 
high-voltage MOS device region 105, the low-voltage MOS 
device region 109, the deep well 111, the wells 115A and 
115B, the light-doping region 117A, and the heavy doping 
regions 123A and 123B are p-type. It should be understood 
that the n-type dopants can be phosphorus, arsenic or 
antimony, and the p-type dopants can be boron or BF. 

While the disclosure has been described by way of 
example and in terms of the preferred embodiments, it is to 
be understood that the disclosure is not limited to the 
disclosed embodiments. On the contrary, it is intended to 
cover various modifications and similar arrangements (as 
would be apparent to those skilled in the art). Therefore, the 
Scope of the appended claims should be accorded the 
broadest interpretation so as to encompass all such modifi 
cations and similar arrangements. 
What is claimed is: 
1. A semiconductor structure, comprising: 
a first high-voltage MOS device region, including: 
a first well; 
a first light-doping region disposed in a part of the first 

well, wherein a conductive type of the first well and a 
conductive type of the first light-doping region are 
opposite; 

a first gate stack on a part of the first well and a part of the 
first light-doping region; 

spacers on sidewalls of the first gate stack; and 
a plurality of first heavy-doping regions in the first well 

and the first light-doping region at two sides of the first 
gate stack, wherein a conductive type of the plurality of 
the first heavy-doping regions and the conductive type 
of the first well are the same, and each of the plurality 
of the first heavy-doping regions has an edge aligning 
to an outer side of the spacers; 

wherein the first light-doping region between the first well 
and one of the plurality of the first heavy-doping 
regions in the first light-doping region is a channel 
region of the first high-voltage MOS device region, and 

wherein the first well is disposed in a substrate, the 
conductive type of the first well and a conductive type 
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of the substrate are the same, and the first high-voltage 
MOS device region further includes a deep well dis 
posed between the first well and the substrate, and a 
conductive type of the deep well and the conductive 
type of the first well are different. 

2. The semiconductor structure as claimed in claim 1, 
wherein the first well is disposed in a substrate, and the 
conductive type of the first well and a conductive type of the 
Substrate are opposite. 

3. The semiconductor structure as claimed in claim 1, 
further comprising: 

a first low-voltage MOS device region, including: 
a second well, wherein the conductive type of the first 

well and a conductive type of the second well are 
opposite; 

a second gate stack on a part of the second well; and 
a plurality of second heavy-doping regions in the second 

well at two sides of the second gate stack, and a 
conductive type of the plurality of the second heavy 
doping regions and the conductive type of the second 
well are opposite, 

wherein the second well between the plurality of the 
Second heavy-doping regions is a channel region of the 
first low-voltage MOS device region, 

wherein the plurality of the first heavy-doping regions and 
the second plurality of the heavy-doping regions have 
the same depth and the same doping concentration. 

4. The semiconductor structure as claimed in claim 1, 
further comprising: 

a second high-voltage MOS device, including: 
a second Well, wherein a conductive type of the second 

well and the conductive type of the first well are 
opposite; 

a second light-doping region in a part of the second well, 
wherein the conductive type of the second well and a 
conductive type of the second light-doping region are 
opposite; 

a second gate stack on a part of the second well and a part 
of the second light-doping region; 

a plurality of heavy-doping regions in the second well and 
the second light-doping region at two sides of the 
Second gate stack, wherein a conductive type of the 
plurality of the heavy-doping regions and the conduc 
tive type of the second well are the same: 

wherein the second light-doping region between the sec 
ond well and the second heavy-doping region is a 
channel region of the second high-voltage MOS device. 

5. A method of forming a semiconductor structure, the 
Semiconductor structure comprising: 

a first high-voltage MOS device region, including: 
a first well; 
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8 
a first light-doping region disposed in a part of the first 

well, wherein a conductive type of the first well and a 
conductive type of the first light-doping region are 
opposite; 

a first gate stack on a part of the first well and a part of the 
first light-doping region; 

spacers on sidewalls of the first gate stack; and 
a plurality of first heavy-doping regions in the first well 

and the first light-doping region at two sides of the first 
gate stack, wherein a conductive type of the plurality of 
the first heavy-doping regions and the conductive type 
of the first well are the same, and each of the plurality 
of the first heavy-doping regions has an edge aligning 
to an outer side of the spacers; 

wherein the first light-doping region between the first well 
and one of the plurality of the first heavy-doping 
regions in the first light-doping region is a channel 
region of the first high-voltage MOS device region, and 

wherein the first well is disposed in a substrate, the 
conductive type of the first well and a conductive type 
of the substrate are the same, and the first high-voltage 
MOS device region further includes a deep well dis 
posed between the first well and the substrate, and a 
conductive type of the deep well and the conductive 
type of the first well are different, 

the method comprising: 
forming the first well in the substrate; 
forming the first light-doping region in the part of the first 

well; 
forming the first gate stack on the part of the first 

light-doping region and the part of the first well; 
implanting dopants to the first well and the first light 

doping region that are not covered by the first gate stack 
to form the plurality of first heavy-doping regions at the 
two sides of the first gate stack. 

6. The method as claimed in claim 5, wherein 
the step of forming the first well also forms a second well 

of a low-voltage MOS device region; 
the step of forming the first gate stack also forms a second 

gate stack of the low-voltage MOS device region; and 
the step of forming the plurality of the first heavy-doping 

regions also forms a plurality of second heavy-doping 
regions of the low-voltage MOS device region, 

wherein the second well between the plurality of the 
second heavy-doping regions is a channel region of the 
low-voltage MOS device region. 

7. The method as claimed in claim 5, further comprising: 
forming the deep well between the first well and the 

substrate. 
8. The method as claimed in claim 5, further comprising: 
forming the spacers on the sidewalls of the first gate stack. 
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